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We, IHE Dow CHEMia\L Company, s 
CcTporirica crganizw ssd cdstisg 'jnder ihc 
Laws of the State of Delaware, Uoiicd Sutes 
of America, of Midland, County of Midland, 
5 State of Michigan, United States of America, 
do herd>y declare the invention, for which we 
pray that a Patent may be graikcd to us, and 
the method by which it is to be performed , 
to be partiailariy described b and by the 
10 following statement: — 

This inveotxon relates lo an in^ro7ed 
i fluorinadon catalyst, and to a process for 

^ fluorinating habhydrocarbons to highly 

fluorinated products with the aid of this 
15 catalyst. 

Heretofore, k has been known, that 
chromium fluoride is useful in promoting the 
vapour-phase fluorination rcacrion of hydrogen 
/ fluoride with certain haloalkanes at elevated 
20 tempt^atiires above 350" G. In British Pateit 
Na^8,147, Leicester disdoses that chromic 
fluoride supported on carbon it a tnassive or 
granular form is a suitable catalyst in such a 
process. This catalyst is shown to be effective 
25 at temperatures between ^50^C and SSO'C. 
in catalyzbg die reaction of carbon tetra- 
chloride wah . hydrogen fluoride to form 
CCI3F and CCLF. as the chief reaction pro- 
ducts. Although Leicester obtained only S per 
30 cent CGF, in carrying out this reaction at 
550' C. he indicates that CF^ may be formed 
at this oame temperature if a large proportion 
of hydrogen fluoride tn carhon TrtTAch|oride 
b employed. 

35 This supposition, however, has rcccrjtly been 
contTOvened by United States Patent No. 
2,458,551 granted to Benning et aJ who found 
rfiat CrF, suDoorted on activated carbon, or 
pellet,'? of CtFj pcT se, will not effsctively 
40 catalyse the reaction of HF with CCl, to form 
CF^ unless a relarivelv high temperature in the 
range of from TOCC. to about lOOO'C is 
employed. In fact, r:nning et al show ihai 3t 

[Price 3s. 6d.] 
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tcrapciaiurcs below about 700 "C, only in- 
signiScantiy small amoimrs of CF^ are pro- 
duced even if HF is present in an amount up 
to 300 per cent in excess of that theoretically 
required to prepare CF^. For example, when 
HF and Ca^F- in a mole nuio of 3.9: 1 were 
passed over a CrFj catalj-st at 674 °C., only 
0.4 per cent conversion to CF, was obtained. 

While the cataK-sts set forth i:i the above 
Patent Specifications have been reccmmcnded 
broadly for the reaction of chlorcmethanes and 
hydrogen fluoride, they are effective mainly in 
inducing rhe formation of fluorinatcd products 
containing a low degree of fluorine sub- 
stitution. These catal^'Sts are even less efTecrive 
in the reaction of hydrogen fluoride with 
bromoaUcanes than ^rit^l chloroalkanes due to 
excessive decomposition. For this reason, the 
production of highly fiuorinated bromoalkanes, 
such as bromotriflucTomethane, by vaptmr- 
phase rcaccions with hydrogen fluoride has 
not been commerciallv praaicable. In fact, ir 
is only recently that CF.Br has been prepared 
by any method. 

The present invention is an advance over 
these known praaices. It is based on the dis- 
co\*ery Uiat IiydraTcd chromium fluoride may 
be acn'vated with oxygen as hereinafter parti- 
cularly described, and that the materia! so 
activated is verv effective in cats-lyzine the 
vanour-phnse fluorinsTion reictioo of halo- 
alkancs and hvdrocen fluorde. In fact, the 
rnrak-src nf rhe invention. hcUc.'ed to contain a 
novel basic chromium fluoride, are more active 
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than C 

the literature. Tj1C>' are also more cfTcctive in 
directing the course of the vapour-phase 
fluorinariorr to crcatcr conversions and vields 
of more highly fluorinated products, and at 
much lou-er tcnr,!?eTan:rcs. than has heretofore 
been achic\-cd. For ercample, at a temperature 
as low as 150 C.; CCI. and HF are reacted 
preponderantly to CO-F;, while at a sbghtJy 
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higher temperature eg. 250' C, CQ^ is 
fluoriuaicd predominantly to CFjCl and CF,. 
It ha.s also bcm discovered that bromoalkancs 
react readily with hydrogen lluoride over these 
new catalysts to produce highly fluorinaicd 
bromoaikancs, i,c. CBr, is fluorinatcd to 
Cl'jCr, 

The compounds which may be flue rina ted 
using catal>-sis according to the invendon ax« 
partially or completely haiogcnaicd aliphatic 
hydrocarbons containing no more than four 
carbon atoms, no iodine, and at least one halo- 
gen other than fluorine. .More spedfically, the 
aliphatic halohydr jarbon rcactants have from 
one to four carbon atoms including at least one 
cirbon atom which is attached to a minimum 
of two halogens of atomic number not greater 
than 35, viz., fluorine, chlorine, or bromine, 
at least one of said halogens being of atomic 
20 number from 17 to 35 indusive. viz., chlorine 
or bromine. The aliphatic halohydroc:irbon 
ncactant is, therefore, a chloro-, briimo-. or 
chlcrobromo- substituted producx of a hydro- 
carbon (or fluorohyJrocarbon). \i'hin thc 'halo- 
25 hydrocarbon rcactant contains hydrogen atoms 
and two or more carbon atoms in the mole- 
cule, from the standpoint of thermal stability 
it is desirab'C that all of the halt^gcn atonxs be 
attached to a single carbon jiom. In gencrah 
?0 saturated halohydrc-carbons crz employed as 
rcactants in the present process, preferably 
having one to vwo carbon atoms per molecule 
or haloalkanes having from one to two c:irbon 
atoms and from three to four chlorine or 
35 bromine atoms attached to a single carbon 
atom, e.g, carbon tetrachloride, chloroform, or 
M;l-tr:chJoroethanc or the bromine annloirjcs 
thertrof. Other, halomcthancs whi^h ^are 
fluorinaied by the process of the invention in- 
40 ciudc me:hylenc c^iJoride. methylene bromide, 
methylene chioro-brom ide, dichlorotiuoro- 
mcthane, dibromofluorcmethanc, hromochloro- 
nucromcthanc, dichloroiifiuorcmcihanc. di- 
bromodinuoromethane, bro.TaxhlorcKl inuoro- 
methane, trichicrrfluorom.cthar.e, tribromo- 
iiuoromeihanc, dibromochlorofluorom.ethane, 
brAmchdichloroiIucromcthanc. Tv.o other hnlo- 
eihanc rcactants fluorinated by rhc present pro- 
cess are i:ns>-mmc:ric.ii tctrnchlorccrhanc and 
h•c^^^cHo^^ctha-.c. Typical of the three and four 
oirS-tn a*(>m rcaaants which may be employed 
"^^ ^ "i •^>-/?i*^t)mopr''par.c, 1 . 1 j - ■ richlorop ro- 
jMiic. 2.2-u:c;i:oropropanc, i-b:cmo-i-chiorc- 
.■'u:anc. 1.1, l-triciilorobu-anc nnd 2J-di- 
chiorobL-Jane. 

Most unsaiunrcd aliphaiic ch!i'>rohydro- 
c:iroons can be rcacrcd w::h 5;iseoii5 ch UTinc 

".rj hvd.'^^en J" . u-.:_ -j-^— ■ 

tl'.ioridc cntalvst of the p^c^c-^ invention :o 
prcTinre flu'Tinntc.i ha'op.iknnc reacicn prc- 
.'i:c'< o-^nnininc nrt bvJro-en nto:nr. Ih.in 

:'r.Q Ini-.hl c^iornhv;!rTv-.->rlN^n rcactrin-, i.e. 
.-•i.-riiT. prodtjcr.*; '.vr.ich have r:*-; r.cLT. hvdro- 
;^'='Tipa:cd. Fpr ev-iir^:;;. ^vhcn vnpr;:r::^cd 
per^hlf-rocthylene jui-i-txi %v-::: 2: Iczr. 0 ^ 
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of a molecular proportioc of chlorine and at 
least an equimolccular proporaon of Iiydrogen 
fluonde is passed at a reaciioa tcn.pcraxui^ 
tiirougn a bed of a basic chromium fluonde 
catah-sr, the same fluorochicroethanc -eactioa 
products arc produced as wh/^i hcxachloro- 
ethane and hydrogen fluoride are reacted under 
sumilar conditions. For high conversions, 
perchloroethylcnc is usuallv admixed mth a: 
least an cquj molecular proponion of chlorine 
and about one, t^vo, three, or four molc- 
nilar proponJons of hydrogen fluoride depend- 
ing on whether the chief rcaaicr; product is 
to be CCL-CC:,F, CClJ^-Ca,F, 
CCKF^CIR, or CCIR-CCF, ^ 
In some instances unsaturated aliphatic 
hydrocarbons can b^ fluorinated in accordarcc 
wi_^h the present process, this being accom- 
plished wiC-cui altering :he de<^-- of 
unj^amration. Suitable halohydrocarl^ns arc 
those having nvo or more halogen atoms, fviz.. 
chlori.ic, bromine, or fluorine ^atrms\ al li^' 
one of which is chlorine, or brx^minc,' a^rachcd 
to a carbon atom which is at leas: c-^ce 
removed from double >^nd»^d carb-.n -x-s 
which are in turn auached to a totai nf .r'.-a^t 
one, and preferably iwo or mere, ch!.-->c 
bromine, or d^onn- atoms. Illustrative of 
these i^.satur?*ed ai;':hatic hal^hvdrocarboni 
are CHCI=CC!Ca, CP, = CC!CC:F... 

CCL=CFCKCL, CF -CFCHB- 
CHC1 = CHCC1,, CaF = CF--CC -^^^ 

CHC1 = CF-CH,.-^C1, and * 
CF, = CC!— CCI— TM^r 
Halogen atoms ar^iched *to double 
bonded carbon atoms are no- -^-i.--^ 
by fluorine during -J-.c process of :r.c Tve-"-^c" 
iinlcss chlorine, (or bromme\ is adm->d*w-rh 
the unranirated haiohvdrccarbon. -o-e:™ u-^-h 
hF, as described in the pnx<:d[n^^nzr^c.r^r^n' 
thereby producing saturarci fiuorine-crma:n- 
mg reacrion products. 

Tne new and improved catalvsts of th- 
vention are prepared bv hcat-ne - 'oydr--'' 
I'l^r;^^'^ nuorde to a temper.r.re abr^e 
*' o^-ci'na-Iy In the ra.-^ec cf from a^'-- 
350- to about 750^C in t::c credence "-"^ 
o^l'gcn. Due ro rh, exoth-mic nature 0^ t^c 
reactif^i bc-wevn the h^-uni:ed c-o-v-- 
jiLvridc and oxypcn, ho^vcver, T.-r"e'-"--n^ 
pave sometimes risen to WC. an^i f-.-r-- 
^:?her wirhoijr dolercrioL^lv aJToct'int; 
activity.' of the cnralysr 5 
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.0 r^rc\iu-::-d. Bv — 
treirment, the hv.irated ch^nr:^U>n^ ■i,,^.;.:.. 
^: leas: paniaily convoked -r. . '-•^i^'^.-^Z^..:^ 
Hiiordc as hereinafter dc^c^ r- I 

t^l, ^ . ^^'^^-^ chr^miuJ^' 'f:.;-idc ' 

crT^p.wVcJ Miat- !i ;-jas been shc-.'-^ , 

J^;iv rh3t the lirr^rcvcJ ':-:::\-::l '[.'-.--^[Zi:^'l~ 

rhc invention c^nnrr re * r/L--^: --vV 
'"''vJrrnjs ch-om-irr: :!'j."ir- C-'^ t ;*....'... '" 

ca-a]\-ic 2c:iv:tv of V>r ' c'..-,Z 
crei^txi bv hcar-r.tr :.. ^ " - ~. "' 
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fluoride, CrF,.3HA is iaitially cmplo>t!d to 
prepare the novel catalv-srs of ihc invcnuon, 
akhough any of the higher h>xirates nuiy sads- 
fautorily be used, such as the hcmihcpuhydrate, 
CrFj.3V2H-0; ihe tetnih>xlrate CrF..4HjOi 
the hcxahydrate, CrF,.6K,0; and the ennea- 
h>-dnnc, CrF,.9H,0. It is ihe chrcraium 
fluoride crihjidratc, though, which is preferred 
both from the standpoint of ease of prepara- 
tion, i.e. availability, and case of handKng. 
Regardless of which of the higher hydrates is 
initiaUy employed, all lose w-Jier of hydraiioa 
upon heating and become the trihydrate prior 
to or d-iTX.g j'.e early scages of :he acti\-:incn 
process. The preferred chromium fluoride 
h>*dratc used to prepare the catalysts of the 
in\-cndon is obtained by first reacting 
chromium crioxide, (CrO,), with excess strong 
aqucoas hydrofluoric acid in the preseace of 
o>:idizab!e organic mar.ei. and thereafter heat- 
ing the resultant reaction product to sensible 
dr.-ncss. A sufficient amount of oxidirable 
orsonic material should be employed in the 
chromium crioxide-hydrofluoric acid reaction 
to rtducc substandally all cf [he chromium :o 
;he tr.valent state, substances such as formalde- 
hvJe, toluene, xylene, sugar and pol7ethylene 
being saiisfactcry :or uhis purpose. Ordinarily, 
hydrofluoric acid of about 50 ;o 70 per cent 
by weigh: strength is added ^ to the solid 
chromium -rioxide to slurr.' it, the addition of 
hydrofluoric acid bejig commucd undl all of 
:hc chromium trioxide is dissoK-ed. When the 
:j'<viluti<->n «s carried out in a me:al container. 
c.z. of. a magnesium metal alloy, little if any 
reaction occurs bervvccn chc hydrofluoric acid 
.tr.d ;he chromium trioxidc until :hc cxidizablc 
cr^;;inti; compound, e.g. sugar, is added. hen 
The ii.sr^lu'.icn is ccnducrcd in a pcly ethylene 
vessel, however, enough of -.he po!ye:hylcnc is 
attacked to eilect the desired reaction. Upcn 
ccnduaing the reacrion lo cr*mplction and ccoi- 
Lng the reaction product, a bright green semi- 
solid ma-js is ob'jined which is heated :o 
5cn.sib!e dryness, e.g. at a temperature of from 
90' CO about llO'C. The product so dried 
appears by X-ray diifrac::cn nnd other 3na!;-so> 
:o consist preponderant!'.* of alpha chromjc 
fluoride u-ihydrarc, 2-CrF,.3H,0. This 
material may, if desired, be broiccn or grruzu 
in*.o fragments or granules md acivated by 
heating in a stream of oxygen or air as herc- 
inalter particularly described. Usu.'itly ^'le 
sensibly dr,- hydrate is cr-irsdr arov-d. e.g. 
to p35> through a 10 mesh ocrc-en., -hen grr.pr.ite 
is admixed thcrcAith in an aiViOuni equ:.! :o 

arout 2 per cent by vrei^h:. and :hc rc^iirart 
.„ • „. !. .ti J T. ■ .i' , 

:h-n -c:';^'a:ed. Akcmaiivcly. ;hc hydra:ed 
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chrrmlum .-lu'^'ride miy be -;Iurr:cd with waicr 
and pastc^d on a carrier, v.izh as acdvacc-J 
ch.ircf^i! or magncium riu.^ride lcI. a.-d then 
activa:od. or heated to scnjicie dr.T.ess ar.d 
-J;en icti\Titcd. 

A.3 hereinbefore ^::i:ed, the "cvci ba^ic 



chromium fluoride catalj-scs of the invcnrion 
ar« prepared by heating a hydrated chromium 
fluoride, e.g. CrF,.3H,0, in the presence of 
ox^'gcn at a temperature in th*e range of from 
about 350"- to 750' C When a carbonaceous 
ma;crial, such as graphite, is used to crepari 
peilei.1 of the hydrated chromium fluoride, i: 
is generally desirable to carry out the activa- 
tion at a siifficiendy high temperature to burn 
off the carbon. An activation temperature in 
the range of from about 500"* to about 600' 
or 650 'C is satisfactory for orddizing car- 
bon, although temperatures of 900 X. and 
higher may be employed without adversely 
affecring the activity of the resultant ca-walyst. 
It is advantageous to heat the chromium 
fluoride rapidly to die temperature at which it 
becomes activated, e.g. above 350'C. when 
highly active cataK-sts are desired. Prolonged 
preliminary hearing at _ lower temperanires, 
e.g. a: about 200 "C should be avoided since 
such treatment usually produces caralys-^ cf 
lower acuvity containing substantial am.oant-^ 
of catabaically inactive Cr.O:. 

By aeivarion in the prcs-encc of oxygen ii 
meant acdvaiion (1) \vith subsranrially pure 
oxygen gas. (2) s\"iih a gas containing mol*- 
cuia'V ox>-gen,' or (3> w::h a compound which 
liberates or reici^cs oxygen under activaticn 
conditions, e.g. CrO,. '.V.-i'.-ation is usually 
accomplished by pa^sin^ a sirea-rj of a gas 
comprising moleoiiar oxygen, such as oxygen 
or an o>r(.-2cn-containing gas, e.g. air, through 
a heated^ bed of the hydra:cd chromium 
r.ucridc. The iniiiA moisuire ccn:ent of the 
activating gas s'.r^m does not appear to have 
.my effect <^ ihe activirs- of the re:=u'ranr 
catahr.r. Activaii-.^n in a s^-cam oi oxygen, 
hcwcvcr, ordinarily producer, cn:al>^is which 
are cuialytically acu've at u-wer :eiT:pera:urcs, 
i.e. appa->x;mare:y 25' :o 50 C lower, tr:2n 
catilys s which are prepared Ln a sir*am c: air. 
.A I'.ern:; lively, the hydrated chroinium ::j;'rid-j 
may be activjrej upon first admixing with 
a mmor proportion of a subs'-incc, e.g. 
chromium trioxide, (CrO;), which will dcccm- 
ros? to liberate oxyzcTi at a temper:; tutv w:tr,- 
in -he rtuiqc of about 3:0' to 750 C. and 
thereafter hcati.-g the mixtuv-N preferably after 
peilc*:::ati'.'n. to a :e:npcri:uro al -^r 
which said suSmrxe dc:on:pi>S(:s to lib-J'-^e 
oxvtcn. A mi^iturc of Cr:*:.'H O and C:0 . 
the latter i>o:ng present in a miuo- p^^" rti. n 
vir to 50 r^r cent bv v.-eiaht. Is dc^-n'?:-: 

hcatin:: at a tcmpc":^::e ;-c-:;vc -ilo C. 
tcmpcraturr: a: which CrO. dcc^mpO'C^ '^'^ 

^:^C7,V*". 0.vyi;Cn. •'"VtV-"-i vi::0; 

CrO :s :ie:e'-'ar.- for the n:*;'.-. • 
Ch"^";ic n:i\dc. viz. CtO., d:--- n-: :i;: 
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witn the n?-^^h;^^l of rhe in\trticn. 



catalysts prepared by hearing pellets of a mix- 
ture of CrF,.3H,0 and Crfi, at about 550° 
C are cacal>*rically less active than CrF, per 
J er in the vapour phase reaction of CG, and 

5 HF. Furthennorc, the presence of OjOj ia 
jiubscandal amounts appears to aiTcct adversdy 
the catalytic activity of the basic chromium 
fluoride catal)-sts of the invcntioo. 

Heating b tlie presence of ox)-gcn should 

10 be carried out for a tunc sufficiently long, (at 
Icust 10 minutes), to convert at least partially 
some of the hj-drattd chromium fluoride to 
basic chn-rr-um fluoride, Lhc final raiah-st 
containing at least 0.1 per cent by wdght aud 

15 prefciabiy from 1 to 20 or more per cent by 
weight of this substance. In gcncrnl, activa- 
tion is substanciaily complete after bating at 
an aaivation temperature in the presence of 
ox^-gen for a period of i to 2 hours, although 

20 heating may be prolonged for as long as 20 
hours or m.ore wirhout adversely affecting 
the catalytic aaivir)-. 

Following activation of the cacni)'^: by heat- 
ing in the presence of o\7gcn, It is usually 

25 desirable, but not esseiuial, lo pass anhydrous 
hydrogen fluoride over Lhc catalyst ftrr a short 
time prior to using it in a fluorination reaction. 
This step is carried out as a prccauti-^nai ; 
measure, i.e. to purge any residiial oxygen gas 

30 from the reaction vessel before intrtxlucing the 
halohydrocarcon, dc<^ no: appear to affect 
the acn**i:y of the caraK:st. Howc^'cr, passing 
a haivhjdrccarl-?!! over the heated ca:aK-st in 
the absence of hyuR^gen nu<^ce quiciiy 

35 reduces the activity of the catalyst. Such a 
catalyse of lo'.vercd aaivity, as «-cll as oi*.e 
which has lost part of its activity through pro- 
longed use due to carb-on deposiiit^, can easily 
be reacdvated by bum-off in a stream of air. 

40 During reacivation, us weil as during the 
initial activation step itself, a small amount of 
chromic trioxide. CrO., is usually prcscnc in 
the ven: ^as stream. 

According to the present invt-ntion there is 

45 provided a basic chromium ui.-or!de having a 
composition corresponding approximateiy to 
the empLrical fr-rmub CrO^F,, iaid substance 
hcing a grccnisi; tan ".vatcr-insoluble solid 
which is amorphous to X-ray diffraction and 

50 eiTeaivc in cataKvjng the vapour-phase 
rc-actio.T of hydrogen Hi-oride and carbon tetra- 
'ihlorid-.; tr: carbon tctrarl-K-rido a icuc:it.-ii 
tcinperature below 7(^'0'C^ Some cr>T>taU;ne 
hydi''.':<v rtiif.'ri'-ic!; whose comrx^itmns laU 

55 within ':he rarge OFOir, to CrF.-Ofr, 
corr.p-.rr.Iy -.vritter. CrOILF.,, hav;; at times 

Prcf/arin-^ the cauilv'ts of the invention, r.5 
w::!! ccndtictii'.rt rh-j n;:rrinati«tn a-aciion 

r^Q :t5.c!f. ;n:iy be nccorn plishcd in a tube made '" f. 
or ILneJ v.-ih, /-ry ^;;^Ira^^c ^uch ;\s 

.•inne!. Ircn^d. nick.:!, silver, or 
r"Mov.cl" and 
Trade .S!.ar;:s\ 

65 In carr}*ing etit the 
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hydrocarboGS according to the present invca- 
doD using :he new catalyst hereinbefore charac- 
terised, the haiohydrocarbon is vapourised and 
passed together with hydrogen fluoride throi;gh 
a heated bed of the catal)-st at a reacticn tem- 
perature in die range of from about izS C, 
to 600 "C. Ordinarily, however, reaction tem- 
peratures in the range of 150' to 500 "C. are 
employed, \ridi temperatures betow 350** to 
400^ C. being preferred for fluorinating most 
of the halomethancs and the more reactive 
halohydrocarbons. The tluorination temrtra- 
ture is dependent net only upcn the reaaivity 
of the haloh^-drccarbon which is to be rcaaed 
with hydrogen fluoride, but also upcn the pro- 
ducts desired, the contact time, and other 
faaor?. The optimum temperature of f!uorina- 
tion also \-arie5 widi the aaiviL-y of the ca:als*st 
VA-mich in rurn depends pardy upon its method 
of preparation, and partly upon its condition 
due to prolonged use which results in carbon 
surface coarings and other efieccs. 

The rario of hydrogen fluoride to haiohydro- 
carbon employed in the fmorinaiion reaction 
may be varied within unde ILmiis depending 
on the pnxlua desired. It is som.etimes ad\-an- 
tageou*; to use only 0.5 mo!e of hvdrogcn 
fluoride per mole of haiohydrocarbon. 
Ordinarily, however, at least one mole of 
hydrogen tlucride is employed p-er mole of die 
organic reaaanr. Tne preferred rario, for mak- 
ing a matvimum of any specific fiuorinared 
compound, is apprcxima-ely equal to, or 
slightjy in excess cf. the propcrtira jtoichio- 
metrical'.y required f.-^r producing that com- 
pound. For instance, in converting carbon tetra- 
chloride to chdorotrifiuoromethane, at least ? 
moles of hydroEten fluoride v-er mole of carbon 
tetrachloride should be employed. 

Cnntacr times of from 1 :o 20 or more 
seconds may be used in the f^uonnaticna process, 
although from 1 to 10 seconds are usually 
preferred. Contact iime<; longer than 20 
-seconds are ordinarily not to be desired, if for 
no other rca.son Lhan low throu^hprn. A con- 
:a-rr time of less than ! iecond "usually n.-sults 
in insufTicicnr conversion which necessitates 
recvcHn^. 

The fli:orin:irion reaction is genemlly carried 
out ar a pressure slicht'v above anr:c^p!:cric 
although both sub-atinosphcric \inu suocr- 
ami.^jphcric prcssuiCs are op-wrabie. A^ide fro:n 
greater capacir>- per un.it vrinm;' of r.^-uiyi-, 
hifiher rrc^:rc$ are 3v:::c'.!:;;es "rc'orrcd to 
give xorc highiv ilu^'iin^tci a'r;:r:our:d:^. 
this pitrpo>c. rr'r'urcs of from 10 :r- Z^^- 
pc•^I^l.d.■^ per :>viuuru inch c.iuge are cm p loved. 

In some inst.nnr.;^ it his been fpund adva.".- 
rnccous to carr/ our the vapour- pha.<<" f]u')rir:a- 
::on in two -r^ iticre £l;i-zC5. ■*''"r example. ;;?inb- 
a 5r,t -ta-c whcrci.i (Ikcix:;^:^-^:: U cr>-d-:.::cd 
at a icm rem cure c: -i l:: ZCO" C. and a <ccr.n*i 
.•:a;iC whoT:;in nurrr::i::on :•; wCndujtc-.! a: a 
tert^perature or y^V :o ?50 C. I: 

det-:rcd. c-u en: '::..:-:-s at hii:;:tr temrcra- 
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turcs may be employed. 

In the case of a difficulUy vapourizable haJo- 
h>^irocarboii ractant, such as hexadoToednnc 
or carbcn ictrabromide, ii is somcumcs advan- 
5 tngcous to admix it with a solvent dilucnr, 
such as pcrchloroethylcnc, to aid in the 
\-apouri23tion, said misuirc then being passed, 
logether wiih hjxirogeii fluoride, through a 
bcaccd bed of the catalyst. 
10 The gaseous products of the rcactica may 
be separated ir.to their component parts by 
known procedures, tg- by a scries of fracrional 
condensations and disdllaticns, and/or water 
and aqueous sodium hydi oxide washes and 
15 drying. 

After prolonged use, carbon dcposics are 
slowly built up on the cicalysts of the inven- 
rion. The raic of cartoon deposiuon is affeaed 
by se\-erai factors, such as the identity of ±e 
20 hdlohydrocarbon feed and the icmperaaire. 
For example, [he race of carbcn formauon is 
m'^rc rapid in the fluorination of cirbcn tetra- 
bromide than carbon tetrachloride. Further- 
mcvn.\ the higher the icnperacurc at which die 
25 tiuorinaticn reaction is carried out, th-* faster 
is carb-fn usually formed on the catal>-5t. 

These carbon-coQtaining catalysts of icwercd 
activity may be rtgencm:ed as aforesaid by 
passing a stream of oxygen or ox}'gen-contam- 
30 ii3g gas over the heated catalyst at a tcmpera- 
mre of about 500 "C. Heating in the presence 
of oxy?€n is conrinued until cacbon dicxide is 
no longer dctcctCG in the vent gas. A stream 
of anhydrous h^-drogca fluoride may then be 
55 parsed over xhc cataij-st to saturate the caial>-st 
wvlIi HF prior :o another fluorinaricn vjn. 

Following b a description by way of example 
of methods ot carrymg the invention into 
encxrt. In these examples, uhc terms HF efi- 
40 <rxr-f, utraied conversion, and citiar-,d organic 
recovery have the following meanings. T.:e 
KF etficicncy in mole per cent is equal to the 
moles of HQ in die prixlua gases (determined 
by titration) timxs 100 divided by the mcles 
45 ci HF charged. The mclc per ccn: unrated 
conversion of the halohydroca.rbon, RXr,.,to the 
iluorohalohydrocarbon. RXm-oF;, is calculated 
as i/n times the moles of HCl. (or H3r), 
ritrated times 100 divided by the moles or 
halohydrccarbon charged, e.g. die titrated ccn- 
vcrsiOti of CCi, 10 CCl^Fj is caicuiated as i/2 
limes tnc moles of HCl titrated times 100 
aividai by the moles of CCI, charged. Tncse 
terms r.rc based on the assumption that for 
55 cver>- gram mole of HF di^oppcaring. one 
mm m(>i»- of hzs heen reacted wich one 
gram mclc of the halohydrocarbcn rcactan: to 
form one gram mclc of l\0, (or HBr). Sin^c 
^iome halohydrocarbcn rcactants may be. and 
frcqiivr-.Ttly arc, di-, tri-. or poiy-fl'ji:»r:na:cJ, 
th<.' litratod conversion is a gcod indicsiiop. not 
i.nly of the number of grami mclrr, of ha!o- 
hydrccarbor. .^.ucrinatcd. but als^ of the num- 
ber of gram atom.s of lluorinc incrcduced by 
65 f:uorini:ic-r. The wcighr per cent titrated 



organic recovery is calculated from the total 
weight of the prcduct in grams plus 16.457 
grams per mole of HCl titrated, (or 60.916 
grams per mole of HBr), rimes 100 divided 
by the toul weight of the haiohydruc^rbon "0 
charged. 

Ex.v.iPL£ I 
The vapour-phase flucrinadon reaction of 
CO, with HF was carried out over a pelleted 
basic chromiuM fluoride catalji: of the inven- 75 
tion as hereinafter described. 

A 

The catalyst was prepared from a commer- 
cial grade high purity Crr,.3H.O which was 
first admixed with 2 per cent by weight SO 
graphite and then pressed Into disc-shaped 
pellets 3/16 inch tl/ck by 3/16 inch in dia- 
meter. These were loaded m:o a 2 inch inside 
diameter vcrncal nickel reaction tube :o give 
a bed of CrF,.3H,0 peUets 24 inch deq?. A S5 
stream of air was then passed upwardly 
through the bed of pellc'-s at a rate or fr^m 
I to 2 litres per minute and the peLicts were 
then rjpidiy heated to a tcmperar^-c of about 
500 *C. in a period of about 50 mi.iutes by 90 
m.eans of an electric I'imace surrounding the 
reaction tube. The aforesaid flow of air and 
tcmperatm'e were maintained constant for 
about 2 hours, the temperature bcL'ig mea- 
sured and controlled by means of a thermo- 95 
couple [ccated beiwccn fumade and the 
reaction cube near the top, i.e. exit end, cf uhe 
bed of pellets. 

Thercaitcr» tiie temperature was lowered, the 
cataK*st Ixni flL*shed with gase.'us hydrogen IQO 
fluoride for about 30 minutes, and the follow- 
ing 4 runs carried out by passing a vapour- 
phase mixture of anhydrous hydn^'gen tiuoride 
and carbon tetnchloridc 'jpwardiy through the 
catalyst bed maintained at a temperature of 10 
about l^iO'C The ^*a pour-phase reactant .mix- 
tur: fed :o the reaction tube wis form.ed by 
bubbling anhyjrous hydrogen rluondc gas up- 
wardiy through liquid carbon tetrachloride con- 
taLicd in a heated nickel vcsicl, viz. vapourizer, j i 
The amount of carbon tetrachloride {.'icked up 
by the h\xirogcn ducride gas, i.e. the mtio of 
hydrogen iluoride :o carbcn tetrachloride, was 
controlled by regulating the temperature or the 
liquid in the vap-ourizer. Thus, uhs higher -he ^ i 
temperature of :he carbon tetrachloride, ti'.c 
higher was its ccncenuM:ion :n the rcactant 
mixture. 

The enluent gas stream from :he reactor 
was scpjhbed with ice-cold water in a poly- | 

CtTiVicnc VwK: 3U ;ii i\j rctli'-'Vt; Ci:-^ 2C1C:C -OH- 

stitucncs. viz. HCl and HF. and to ccr.dcr.sc 
the higher boiiing cons;i:uen-s. TherCu/ier the 
vvuter-^crjbbai gas su'cam was driej bv pas^- 
L-g jr fir^t through a -rap co'.MCd in an ice-bath >2 
a:id ti;cr: :h--L:^;: j 'i:co of anhydxus ca!'::i:m 
^\:'.ph:Lic. Finuily the sub^tanilully dry cii; 
.>t-(^.~: wjs pa;>cd [r.:o a re:'r;;-rra:cd -ar 
cc-:lcd in dry ice to condense the lower h ;:':r2 
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by water displacement. The scrubber water 
was titrated vath standard sodium hj-droiide 
and sil\-er nitrate soJuricns, a;id from the titra- 
tion vaiucs were caJculatcd the HF efficiency^ 
5 the titrated conversion, and the titrated organic 
recovery as previously defined. Rcprcscncacive 
samples of the organic products from all four 
runs were also separated into rhcir component 
parts by lo^v temperature fractional distilbuoa 
iO in a Podbielniak column and thereafter 
anal>-2ed for produa distribution. From these 
distillarion data, the mole per cent recovery, 
based on the r::rbon tetrachlondc charged, was 
calciilatod :or each component of the organic 
15 producL These and other data for the 4 runs 
are gi\-cn in Table I. 

As hereinbefore stated, these runs were all 
carried out at a temperature of ISO'C. In 
runs 1 to 3, the molar reactant rauos of HF 
20 to CCl, were decreased from 2.3 to 1.47. In 
the same runs, the contact time was varied in- 
versely as the reaaant rados. To show that 
reactant ratios, not contaa times, were critical 
a 4th run was c(?nductcd at a reactant ratio of 
25 1.46, i.e. almost the same as that of Run 3, 
but at a contact tim.e alracet rwicc as long. 
Very lirtic difference \vas obscp/cd upon 
analj-zing the products of runs 3 and 4. 
The catal>'st employed in Runs 1 to 4 was 
30 a greenish am, water insoluble solid which was 
found by chemical analysis to corre^ond to 
the empirical formuh CrO,F^ When 
examined by X-ray diffractioa anal>-sis, it was 
found to be amorphous, i.e. no crystals could 
35 be detected by a method capable of distin- 
gtnshing crystallites 100 angstroms or larger in 
size. No anhydrous chromium fluoride, CrF„ 
was obse^^'cd by X-ray diffraction. 

B 

4D A fifth run u-as carried out over a CrF, 
catalyst not in accord wim the invention pre- 
pared by passing nitrogen, not air, over a bed 
of high purity com.mercial C'F;.3H,0 pellets 
containing 2 per cent by weight graphite. 
45 Excqjt for ernplc>-ing nitrogen instead of air, 
the method employed in the preparation of this 
catalyst, the \io!um.es, tcmpcaturcs, and time 
were alljhc same as those of A above, includ- 
ing the .inal purge step v\-:th gaseous hv-drogen 
50 fli:oride. Run number 5 was conducted accord- 
ing to the same general procedure and in the 
same ecjuipment cic3cr;bou u: A by passing a 
vapour-phase mixture of HF and'CCI, in a 
.wolc fauu <.'f 1.65 over the ca:al>-st heated :o 

55 a !empcra;i:n: of 250' C for a pcritxi of 30 
minutes. Even at this higher :c:npcnru:c, r^e 
HF e^ficicncv' and the timrcH »-nn^w-nn xo 
COS, were considerably !ou-cr than in the 
preceding runs. A study of the organic 

60 tecovericn aficr disuUaiicn 5ho%\-s th-it Lhc pro- 
duct of Rim 5 actually cc-nraincd IctvS ;han 4 
mois per cent CCLF:.' '.vh::c greater chin 50 
moic per cent Ca,F, wa5 ort-cnc in each of 
the prcduas of the pjt^ of A .-sSivc. This and 

65 other data for Run 5 arc 5i:cwn in Tabie I. 



This catalyst was found by X-ray di£Frac- 
rioQ analysis to consisi preponderantly of 
anh>^i3 chromium fluoride, CrF,. 

ES.\MPLE 2 
The reaction of CCl, widi ilF was catalyred 
with a fragmented basic chromium fluoride 
cacal>-st as described below. 

A 

The catal>-st was prepared by first dissolving 
1580 grams of CrQ, in water and admi.xing it 
with occess aqueous ammom'um hv-droxide to 
precipitate chromium hydroxide, filtering the 
precpitate and washing it widi water, and 
thereafter reacting the predpitatc with'lCOO 
gr^ims of 60 per cent by weight h>-droauoric 
add. 

Approximately one-fifth of this green 
chromium fluoride reaction product was then 
dried to a hard cahe by heating it ovemi^t 
in a steam nvpri at 95''C The rsultant 
CrF,.3HjO was broken up into fragments that 
passed through a 4 mesh but not through a 12 
mesh screen. Some ot these fragments were 
loaded into the same nickei reaction tube 
emplojied in Example 1 thereby forming a bed 
of CrFj.3H30 fragments 2 inches in diameter 
by 12 mches in length, .\fter staring a stream 
of moist air through the reaction tube at a 

i lO ^ utres per minute, the 

temperature was raised to 550 ^C. and held 
there for aboirt two hours. Therca/'-r ±(t flow- 
of air was discontinued, the tcm^ .anjre of 
the bed lowercdj and a stream of anh'-drjus 
hydrogen fluoride passed over ±e catalyst for 
a shon time. 

Through this bed of catalyst maintained at 
a temperature of 250 *C. was then passed a 
vapour-phase mixture of HF and CO, in a 
r.:^? ratio of 1,41 according tc the general 
pro.eaure described in Example 1. Aii o: me 
data for this nin, (Run 6), are given in Table 

The catalpc employed in Run 5 was amor- 
phous to X-ray diffractioa. 

B 

Anothtt- CrF, catalyst not in accordance 
with the mvdidon was prepared by passing a 
stream of nitrogen, not air, over some of !he 
4 to 12 mesh fragments of CrF,.3H30 whose 
preparation is described in part A abcve. .\ 
stream of nitrogen gas at a rate nf from i :o 
^ litres per minute was passed for 4.5 hcuT] 
through a 23 inch bed of* these zhiir.kz hczxcd 
to 450' C. in the 2 inch nickel reaction U'bc 
prxr.-iously employed. After pur-in? the c-j- 
Iv-st bed with anhydrous hydr/.-icn fluoride, i 
^ r-— vt HI- ana was pas^ea 

tiirough the caral>-s: bed first at r^'sO' C . .'Riin 
0. and then at 250- C, fRun S\ the rro^^- 
rutios <i HF to CO, bdntc" 1.?? ;.nd Vr 
Run 7 and Run S respectively. 

After t.hc3c r^iiii, a stream o: :t:o'.s: air i: i 
rate of from 1 :o 2 litres p^r mir.;:: j -.vas r.i5---xi 
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meat of moist air, ihc tonpcrarurt was 
Iwered and the bed was flushed with gaseous 
h>'drogca fluoride. Thereupon, a vapour mix- 
lurc of HF and CQ, in a mole racio of 1,63 
5 was passed for 30 minutes through the bed of 
catalyst at a temperature of 250' C, (Run 9). 

The data for all four runs, (Runs 6 to 9), 
are given in Table I, Upon studying the data, 
it will be seen that the results obuined in Run 
10 6, (according to the invenuon), arc superior to 
those obtained in Funs 7 to 9 inclusive, (not 
in accordance \v;tli 'jic invcatica}, even nough 
Run 7 was carried out at a temperature 300 'C. 
higher than Run 6, (note especially the organic 
15 recoveries for these two rxms). Also note thiit 
the iciinty of the catalj-st employed in Runs 
7 and S, (prepared by headng C-F,.3H,0 
iu a stream, of nic.-ogc=L ga5), co^J-j nor hf^. sub- 
sequently increased by heating in a. stream of 
''O air prior to Run 9. 

C 

Yet another OF, catalpt not in accordance 
with the invention '^-as prepared by iirst dis- 
solving in 400 milliliircs of dilute aquecas 
25 hydrofluoric acid, the remaining four-fifths of 
the chromium fluoride reacuoa proJiict oi para- 
graph 1, pan A of this Ex^irple. One thou- 
sand gruni of 4 to S mesh acnvatcd charcoal 
V2S then imprtz^nateJ wi*Ji this acidified 
3Q chromium lluondc solution. Some of iht char- 
coal so impregnated was packed co a heigh: 
of 24 inches in uhc nickel reacdon cub-e and 
Vi^.A-^ 2 stT'.iim of nitrogen lo 3 tempera nire 
of 450' C at which temperature it was held 
35 for about 4.5 hours- Thereafter the reaction 
tube was flushed with hydrogen fluoride gas 
and the temperature of the catalyst bed raised 
to 550' C 

Two runs were then carried out by passing 
40 a vcpour mixture of HF jnd CCl^ over this 
ca:al>-sr, (not in accordance with chc mvcntion), 
th^ fiist nin, (Run 10) being carried out at a 
ttmp^turc of 550 'C. employing a moiar 
reacrant ratio of 1.41, (HF ro CCl.}, the second 
45 run, (Run 11), at 250^C. er^plcyinc a rcaccant 
mtio of 1.60. 

Thed.Ta fcr Runs 10 and 11 are ccntained 
m Table I; A5 shown hy the prc-duct data, eg. 
ci^icer.rics. convcrsicns, and recoveries, e'.'cn 
50 Run 10 -.vhich ---as carried .-ut at 550'C using 
a cnr.r.ir: tirr.r. r>{ r.Imr.^r IS ^ccv.ds. 'j^ inlenct 
10 Run 3 of Ercaniplc 1, accordance wirh 

ccr.tao: time nf about 3 ^eccn^os. I: is also 
55 A-orthy r-f nore thar the aaivititr of the 
cuiaK-sLs of RiiT:s 7 10 11 v/rTu of :he :ar::e 
order of :nnj;ni:ude, although ;hc sariace ::rea 
of the ch;ircon! supprTied caip/.^-st R-^nr^ 10 
and 11 vviis di.'9rnpr>r:;ona:c!y ^ja:cr than the 
60 fmgmcntL-d catalyst t^f Klt.? " tn 9. 

E.nA.MTLn 3 
The tluoriration of C:C!, --viTh >n- cm- 



ducted over a basic chromium fluoride catal\*st 
prepared as described below. 

A ' .65 

A catalyst in accordance ^^ith the invention 
is-as prepared by reacting high purity 
chromium rrio>dde, (C -r O,), with an excess ot 
70 per cent by weight hydrofluoric acid. The 
senu-crystalline bright green reaction product 70 
u-as heated in a drying oven at SO* C. to sensible 
drvness. This sensibly drj product, consiidng 
preponderandy of =-CrF,.3H50, was ground 
to pass through a 10 mesh screen, admixed 
vrith 2 per cent by weight graphite, and pressed 75 
into 3/16 inch by 3/16 Inch disc-shaped 
peUets. 

These peUets were packed to a height of 
about 12 inches in th-e 2 inch nickel re:ic:ion 
tube employed in the previous examples. They ?0 
•Am: then activated by heading them to, and 
holding them for r\v6 hours at 500 C. in r 
stream of aii. Thereafter the catalyvc ooi was 
cooled, flushed with hydrogen fluoride, and a 
vapcur mix:'arc of HF and CC[^ in a t.oIc ratio 35 
of "1.5 5 was passed therethrough at a tcmpera- 
nire from 150' to 170' C. The data for this 
ran. ' Run 12). are contained in Table I. 
B 

.Another cataij'st ai^o in. accordance '.vitn uie 9"0 
invention was prepared by passing a sircam uf 
,o\ygen through a bed of 3/16 inch by 5/16 
inch disc-shaped pellets containing 2 tvr cent 
by weight graphite prepared according to die 
procedure: of .\ above The dimensions of the 95 
caraJyst bed and the condid-ins of the -laiva- 
don step were ihc sa~e as above-described 
e.^ccpt that oxygen '.vas employed ins:ead or 
air. Follo\%-ing activation, the caial\-st bed \^-a5 
co'?lcd, purged with hydrogen fluoride, and a iQO 
vapour mixture of HF and CCl. in a -'o'e ratio 
of 1.74 vi-as passed thered-LTOugh a: a tcmpe::i- 
rare 0: about 125" to 140'C. TTnedaca tor thia 
run. (Run 13), are shown in Table T. 

As will be 5cea by comparing the data of 
RiLis 12 a.id 13, similariy go-xi results ^vere 
obtai.-icd in both runs. To produce compar- 
able rcsuits, however, a slightly higher -.e:-,-- 
peratuTc was required \ri:h the air-ac::va:ed 
caui\-5t 01 Run 12 than with :hc oxygen- 110 
activated ca:al>-st of Run 15. 

The caLaiS"?ts employed in part, .V and 3 
above were an'.cr^hous to X-ray d:r:rac:ion 
analy?:?. 

DlA.MPLE 4 I ir 

The reaction of HF with CCl. -vas c.:r;;:yr;:d 
with :u:o:h<T basic chroiniui:; iiuoride ca:ai><t 
of the invent i;>n ppjpared from CrF;..'^H,0 
ai*:d CfO: a-j i'.crcinaftcr dcscr.hcd. Iiigr. puruy 
ccm:nerc:al CrF;.?H,0. (9(V) gru:-<\ :\7:d \yj 
CrO . 300 i;r.ims . were adr:'iixL\i :cg:*d:cr .vi'.h 
2 per ct-n: hv wri^h; grarhiie and proJ-vi ir.:-^ 
3/16 i-ch hy 3/'l6 inJh di-c-shaped peiie-s. 
Thc-e pci;^::; wo:c packed :<> a h-;gh: -"f 1 ■ 
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Example 5 
To democsmtje that substantial amounts of 
CFi can be produced at reUtivcly low tem- 
peratures by reading HF vsriih CCl* oyer one 
of the improved catalysts of the invcnuca, the 
foUo^¥ing run was earned out in accordance 
with the procedure of Example lA in the same 
nidtd rcactioQ.tube over a 2 inch by 24 inch 
bed of catalyst prepared 3S described in the 
aforesaid example. The fluorination of CCl, 
was cocduacd at a temperature of 400 'C. 

CQ* of 7.74 and a contact time of 29 seconds. 
Throughout the run of lOl minutes, 88 grams 
CO, and 88 grams of HF were fed to the 
rcaaor. The organic product was condensed 
and fractionally disrilled. Based on the CO, 
chargod, a 99.7 mole per cent recovery **T the 
organic produa was obtained as follows: — 



Example lA in the same nickel rcaaion tube 
and over a 24 inch bed of cacal>-st prepared as 
described in the aforesaid example. The 
fluorination reacdon was conduacd at a tem- 
perature of 400 'C emploj-ing a molar 
reactant ratio of 3.6 and a ccntact tim.c of 
about 20 seconds. Throughout the run of 42 
minutes, SO grams of CHC], and 48 grams of 
HF were fed to the reactoi. The organic pro- 
duct was separated by fraaiotul distillation. 
Based on -J;e CHCl, charge-d, a 94.1 mole per 
cCut rcccvw J was cbtuincd as i i » ^ »^ o . 



65 



70 



CHF. 

CHCIF, 

CHQ.F 



91.0 mole "i> 
3.1 mole % 
0.0 mole % 



75 



20 



25 



30 



35 



40 



45 



50 



CF. 

CCIF, 

ca,F: 
ca.F 

CO, 



16.3 mole 
80.0 mole 
2.2 mole 
0.7 mole 
U.5 mole 



'-./ 



Ex.\>;?LE 6 
A catai)-!!; similar to that used m Example 
^3 -^vos tested for 2200 hours in th^ vap-our- 
chase Suorinadoa cf CO, wi'di HP, rr.cstly 
*at a temperature of 250'' a reactant ratio 
of HF to Ca, of about 1.3 to 1.4, and a con- 
taa trne of about 2 to 3 seconds. High HF 
c^icencies and or^^ani.- recoveries, (95 to 100 
mole per cent), were obtained throughout the 
V2r.. Dunng the run, Lhe catalyst was^ burned 
off several times with ox>-gen at 550'C The 
catal>-st showed no less in activuy with bum- 
off, bemg as effective after the 22CO hour nm 
as i: was initialiy. No appreciable physical 
disintegration of the catalyst wns cbsen-ed. 

Ex.\;tiPL2 7 
Ca^F and HF were rcaaed in the same 
manner and in the same nickel reaction tube 
over a 16 indi bed of a cataK-^t prepared 
according to the same prcccdure used in 
Hxamt^tc 3B. Dunng a run cf 45 minutes. 
1947 grams (14.15 molest, of CCUF and 102 
grams, (5.12 moles), of HF '.^-cre passed 
through the ccalyst bed at a temperature of 
2^0'C. and at a contact time of 2.v :.e:onds. 
The calculated HF efndency wa^ 9V.3 mo:e 
per cent. The organic producr was ^cpar.ntod 
bv f.-ac-.irnnl JistilLaiic.-.. B.is'-d cn the 
CCl.F charged, a recover; f>f ICO rr.vlc per 



EX.\MPLE 9 

The i^ciion of CH,C1, and HF was car- 
ried out in the same manner in the suine nickel 
reaction tube and over a 17 3/-t inch bed of 
caralpt prepared as described in F.vampic 3B. 
Through the catalyst bod heated to 250' C 
were passed 372 grams CH^CL a.':U 243 grams 
HF dunng a period of 72 miaut'^. This repre- 
sents a mole nco of HF to CH-Cl. of 2,3 
and a contact rime of 5.9 seconds. The organic 
reaaicn prrsdijct ^vas fractionally distilled. 
Based on the CH.Ci: charged, a recover; cf 
S1.9 mole per cent vrzs obtained as foilfv.vs: — 



80 



35 



CH-F, 
CH. GIF 
CH..CL 



43.6 mole 
9.1 moie 
29.2 mole 



90 



E.K.VMPLE 10 

A vapour mixture of HF and CBr, in a mole 
ratio of S.O was passed at a conti^ct time ot 
2.2 seconds through a 12 inch bed of :hc 
same-type caLaI>*5t and reacted according to 
tile same prcceiure employed in Example 
During a period of 60 minutes. S65 ,i:rim.s of 
CBr, and 403 grams of HF were put thri^ugh 
the catalyst bed at a temperature of '^C/yC. 
Upon fr3a:ona:!y distilling the org.ir.ic pro- 
duct, the recover^-, (based on :i'.c CBr^ charge" , 
was found to be as foHov,-^ : — 



95 



CSrF: 
CHF, 
C3r:F3 



$2.3 mole 
4.5 mole 
7.S mole 



103 



55 



CCIF. 

CCiiF. 

CC:,F 



1.0 mole 
47.3 mofc 
51.7 m.-:c 



HXA.MPLE i i 
CBr F and HF u-ere pa^^cd *i.-::rc7--.u:c 
of 250 'C. Through a 24 :noh S'd M the 110 
T>7te cnni^-^: and rcac:ed p.i-z^vMr.'z to :he ~.z:r.z 
prTX*cdurc err.ptoycd in l::*;:i:r.p!c I T::crc 
were passed 947 [rmm.s CRr F and I -'O i:rcms 
of HF through the c:ir:iU-^r hed in :rpr'--<i- 



E7Ay.7L~ S 
T-.c P.-torir^tion of CHCl; •.v\± Hr v,n5 
0^ czrr'.-^i out according to the prcccdurc cf 



m.atcly 55 minute?. 'i'h!<: rcrr-jfcnts n .r.o!^* 
ratio of HF :r. CBr F 2.5^ .i.-.d .■ :-\-:'.:^-: 
time of S.l seconds. Up'^n d'-:;i!:t:*, n - f tho 
organic pr»:»r.jct. 
be .13 foUovvs : — 
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10 



790,335 
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15 



20 



25 



30 



35 



40 



45 



CBrF. 

CBr,F, 

CBnF 



21.9 mole ,% 
54.0 mole :.% 
2.6 mode ,% 



Example 12 
The reactioa of HF and CHBr, in a mole 
ratio of 326 was carried ou: a: 320'C. accord- 
ing to the same procedure and over a 24 inch 
bod of the same-t>-pe catalyse employed in 
Example lA. During 300 minutes, 3615 grams 
of CHBr, and 934 grams of HF were passed 
through the heated bed of catalyst at a con- 
taa time of 7.8 seconds. The ticrated conver- 
sion to CHBtF^ was 49 mole per cent. 

Example 13 
CClaF-^Cl,F was fluonnated with HF 
over a 15 inch bed of the same-tj-pc caEal>*st 
and accordhig to the same procedure employed 
in Example 3B. The fluorination was carried 
out for 60 minutes at 500"* C. during whidi 
time 1332 grams of CCl,F— CCl-F and 280 
grams of HF were passed through the reaction 
tube. This represents a mole ratio of HF to 
CCUF— CCUF of 2.15 a-nd a ccmaa time of 
2.6 scccads. The organic product was frac- 
tionally distilled and a recovery of 94.3 mole 
per cent, (based on the CCLr— Cri,F 
charged), was obtained as follows: — 



CF3— CF3 
CF,— COF, 
CCIF,— CCIF, 
r;ri5_ CC.F 

CCLF— cd^F 



1.1 mole .% 
4.1 mole .% 
43.3 mole 
29.5 mole 
16.8 mole 



0/ 

a/ 
,0 



60 



Example 14 
CF.— Ca,— CC1,F and HF were reacted 
3l 450 "C. over a 23 inch bed of the same type 
catalyst in a 3/4 inch inside diamerer vertical 
nickel reac:ion tube according to the same 
procedure emplo>Td in Example lA. Tne run 
\^'as carried out for 12.75 hours at an average 
contact time of 0.7 seconds and employing a 
mole ratio of HF to organic of 2.3. During the 
run, a toral of 14^20 grams of 

CF,— ca,— ca,F 

and 3240 grams cf HF were parsed through 
the reaction tube. Upon separating iie organic 
product by fracnonal disiillaricn, the total 
nrcover>*. (based on the CFj — CCh — CG;F 

rh.Trcf/Yn. u.-ac fnimd rr> K'^ 79 mole JS^T CCH*. 

The or:arJc product was 7C.9 mob; per cent 

■«^» VjV-l; ft I i l\. 1 1 CHJ t f-Xl til /- V-- »■ 

760 mm. of mer,~ur>' absolute. 
What we claim is: — 
1. A bnsic chromium fluoride having a com- 
pC'irirn correr^pryndin? approximately to the 
empiric::! fonnula CrO,Fj, said substanc^: be- 
ing a zrcenis'n tnr. '.vater-insoluhlc .<olid which 
•s amorphous to X-ray difTnction and efTcctivc 
in caral^Tine the •.'opcur-phjse reaction of 
hydrr-sd fluoride and cjdxyn tcrrachloridc to 
cr.rhon tirrr.niir.ridc .it a reaction tcmperamre 
C. 

A canlv-st ireful Ln prcmotitjg the 



floorination of haloaDuines by vapour-f)hase 
reaction with hydrogen /luoridf^ Mid catalyst 
having been prepared by coouctiiig a hydrated 65 
chromium fluoride at a tcmperacure above 
350° C. with a gas comprising molecular 
oxygen. 

3. A basic cbroraium fluoride caulysc con-f 
sisting essentially of an amorphous powder, 70 
baring been prepared by heating a hydiatcd 
chromiinn fluoride to a temperature in the 
range of 350° to 900^0 in the presence of a 

gas comprising icolenilar oxygen, 

4. A method of preparing a cataly-st useful 75 
in promoting the fluorination of haloallancs 

by vapour-phase reaction wtth hydrogen 
fluoride, said method comprising heating a 
mirture of a major proportion of hydrated 
chromium fluoride and a minor proportion of SO 
chromium trioxide at a temperature above 
420" C. for a time stiffcientiy long to convert 
at leas; pan of the hydrated chromium fluoride 
to a bade chromium fluoride. 

5- A method of preparing a catalyst useful 85 
in promoting the fluorination of haloaikanes 
by vapour-phase reaction with h)*diogen 
fluoride, said* method consisting essentially of 
heating a hydrated chrt>mium fluoride to a 
temperature in the range of from 350' to 90 
750" C in the presence of oxygen, 

6. A method of preparing a catalyst useful 
in promoting the fluorination of chloroaLVanes 
by vapour-phase reaction with hydrogen 
fluoride, said mcdjod consisting Ksennaliy of 95 
heating a bed of hydrated chromium fluoride 

to a remperacurc in the nmgc of from 350° C. 
m 750*C. ar^ pass^jjg a stream of a gas com" 
prising a molecular oxygen therethrough for 
a tL— e suificiendy long for effective amount of 100 
ox>-gen to react therewith. 

7. A method according to Qaim 6 wherein 
the gas stream is oxygen. 

8. A method according to Claim 6 wherein 

the gas stream b air. 105 

9. A meithod according to Claim 6 wherein 
ti>; h}-drated chromium fluoride b 

CfF,.3K,0. 

10. A method according to Cairn 9, where- 
in the C-F3.3H5O is the alpha hydrate. 1 10 

11. A r^eihod of fluorinating haloa&anes 
which comprises passing a vapour-mixrure of 

h^.loslk^e having from one tc four csrbcr. 
atoms including tit least one carbon atom whic'i 
*i3 attrtChcu to a imiiiiiiuiii uf ivvm naJ0g:3S J 15 

Other than iodine, at least one cf rc^vi hiilo^ns 
being chlorine or bromine. Jnd at least an 
eqirmoicoilar proponion of hydrogen ?:ucridc 
at a reaction temperature in the mncc cr frr-m 
335' to 600' C. through a bed of catai>-^ p.'^:- 120 
pared as in Gaim 6. 

12. method according to Oaim 1 1, where- 
in tho haloalhanc is a brnmcalkmc. 

13. .'\ method accordin;: :o Cbirr 12. whcro- 

in the brcmoaikane is crirbon :e:rabrrm:dc. ]Z: 

14. .-V method according :o C!a:m 11, where- 
in the halcaikane is a chlcrcaifcrne. 



i 



5^ 



:-vv 



790^35 



11 



15. A method according to Chum 14, whw-- 
in the chlnroalkane is carbon tctrachlorklc. 

16. A method according to Qaim 14, where- 
in the dilomlkane is chksofOTm. 

5 17. A nieihod accwding to Claim 14, where- 
in the diioroalhane is haacMorccrhafie; 

18. A method of fluoriDating ah'phafi c halo- 
hydnxarbons having £rom one to four carboQ 
atoms inchxling at I^t one carbcm atom, other 

10 thaa a double bonded carbon aicom, which is 
3£tadicd to a minimum of two halogcos other 
than iodine, at least one of said halogens being 
chlorine oar bcomijc, and at least 0.5 of a mole- 
cular proportion <rf hydrogen fluoride at . a 

15 reactioa temperature in the range of from 
125" to (SOO'C through a bod of a catalyst 
prepared as in Claim 6. 

19. A method of preparing a fluorinatioa 



cacalysc substantially as dcscnbcd in any coe 
of the specific examples of the invtsicn here- 20 
inbcfore sec forth. 

20. A method of fiuorinating aliphatic 
halofaydrocarbons suHitandally as described in 
any one of the specific examples of the invcn- 
don hereinbefm set fortL 25 

21. A fluocination catalyst when prepared 
by the method cLaimod in any one of Claims 4 
to 10 Or Qaim 10. 

72. A fluorinated al^hatic halohydrocarbon 
when prepared by the method chimed in any 
one of Claims 11 to 18 or Claim 20. 

BOULT, WADE & TENNANT, 
111 & 112, Hatton Gardens, 
London, E.Cl, 
Chartered Pastern Agents. 
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